We present a study of seventeen LAEs at redshift 2< z <3 gravitationally lensed by massive early-type galaxies (ETGs) at a mean redshift of approximately 0.5. Using a fully Bayesian grid-based technique, we model the gravitational lens mass distributions with elliptical powerlaw profiles and reconstruct the UV-continuum surface brightness distributions of the background sources using pixellated source models. We find that the deflectors are close to, but not consistent with isothermal models in almost all cases, at the 2σ-level. We take advantage of the lensing magnification (typically µ 20) to characterise the physical and morphological properties of these LAE galaxies. From reconstructing the ultra-violet continuum emission, we find that the star-formation rates range from 0.3 to 8.5 M yr −1 and that the galaxies are typically composed of several compact and diffuse components, separated by 0.4 to 4 kpc. Moreover, they have peak star-formation rate intensities that range from 2.1 to 54.1 M yr −1 kpc −2 . These galaxies tend to be extended with major axis ranging from 0.2 to 1.8 kpc (median 561 pc), and with a median ellipticity of 0.49. This morphology is consistent with disk-like structures of star-formation for more than half of the sample. However, for at least two sources, we also find off-axis components that may be associated with mergers. Resolved kinematical information will be needed to confirm the disk-like nature and possible merger scenario for the LAEs in the sample.
INTRODUCTION
Lyman-α emitting (LAE) galaxies represent a population of starforming systems with very large Lyman-α equivalent widths and have some of the highest known specific star-formation rates (sSFR) in the Universe (e.g. Hu, Cowie & McMahon 1998) . Typical LAE galaxies have strong star-formation, high-ionisation, and are typically low metallicity and low mass galaxies (e.g. Erb et al. 2006; Gawiser et al. 2006) . These properties, combined with a (mostly) low-dust content, allow for the escape of a significant fraction of Lyman-α photons (e.g. Gronwall et al. 2007; Hayes et al. 2010; Marques-Chaves et al. 2017) . Therefore, these lowmass galaxies may be an essential population as they are thought to be predominantly responsible for the re-ionisation of the Universe (e.g. Malhotra & Rhoads 2004; Nakajima et al. 2016) .
At redshift 2 < z < 3, well-studied LAEs from wide-field surveys are typically at the bright end of this parameter space, being L * galaxies with M * ∼ 10 9 M and typical SFRs of about a few to 100 M year −1 (e.g. Gawiser et al. 2006; Erb et al. 2014 ).
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Investigations of lower-SFR objects have generally been limited to quantifying the properties of strong optical lines (e.g. Trainor et al. 2015 Trainor et al. , 2016 , although deep narrow-band imaging has also uncovered a large population of both low-mass and low SFR LAEs (e.g. Shimakawa et al. 2017) . For example, it has been recently shown that low-SFR LAEs, with similar characteristics to the localUniverse green peas (M * as low as 10 7 M and SFR of about 1 to 100 M year −1 ), have strong optical emission line (Hα and [O iii]) properties that are consistent with optically-selected star-forming galaxies of the same stellar masses at z ∼ 2 (Hagen et al. 2016) . However, it is not possible to directly determine the gas metallicity, density, and kinematics of these galaxies without substantial investments in telescope time. Finally, high-resolution imaging studies find that LAEs are typically compact, with no evidence for strong evolution in size with redshift (e.g. Venemans et al. 2005; Malhotra et al. 2012; Paulino-Afonso et al. 2018) . Their Lyman-α halo, which is typically more extended than the UV-continuum by a factor of 10 in average, has also been found not to evolve with cosmic time (Leclercq et al. 2017) . However, such studies are currently limited by the angular resolution of the observations. In principle, strong gravitational lensing can be used to over- come these limitations. In practice, however, most of the strongly lensed galaxies at z ∼ 2 with moderate star formation are not LAEs (e.g. Hainline et al. 2009; Rhoads et al. 2014; Stark et al. 2013) , and at present, the properties of only a few lensed LAEs could be investigated in detail (Christensen et al. 2012; Vanzella et al. 2016; Patrício et al. 2016) . Recently, new Hubble Space Telescope (HST) V-band observations of LAE galaxies selected from the Baryon Oscillation Spectroscopic Survey (BOSS) have revealed a sample of strongly lensed systems at z ∼ 2.5. Thanks to the lensing magnification we can probe the detailed structure of these galaxies at scales around 100 pc (Shu et al. 2016a) .
In this paper, we use strong gravitational lensing to go beyond the current limits in angular resolution and investigate the size and structure of LAE galaxies at redshift 2< z <3 on 100-500 pcscales. Our study focuses on the first statistically significant sample of strong gravitational lenses with high-redshift LAEs as their background sources that were selected from the BOSS Emission Line Lens Survey (BELLS) by Shu et al. (2016a) . To summarise, 1.4 × 10 6 galaxy spectra from the BOSS survey of the Sloan Digital Sky Survey-III were inspected to search for Lyman-α emission lines at a higher redshift than the dominant early-type galaxy in the spectrum. From this search, Shu et al. (2016a) selected twenty-one highest quality targets with source redshifts between z ∼ 2 to 3 for follow-up imaging with the HST. This selection method is based on the successful technique used by the Sloan Lens ACS Survey (SLACS) to find over eighty-five gravitational lensed star-forming galaxies at lower redshifts (e.g. Bolton et al. 2006; Auger et al. 2009 ).
This paper presents gravitational lens mass models for seventeen of the twenty-one lens candidates, as well as an analysis of the sizes and star formation rates of the reconstructed ultra-violet (UV) continuum emission from the LAE galaxies. The layout of the paper is as follows. In Section 2, we present the high angular resolution HST observations of the rest-frame UV continuum emission from the BELLS sample of seventeen candidate LAE galaxies, from which we select the fifteen sources that we will use for our analysis. In Section 3, we describe the lens modelling procedure, which is based on an entirely Bayesian grid-based approach. In this section, we also present the recovered lens models and reconstructed sources, and we compare them with the models obtained by Shu et al. (2016b) , where appropriate (see also Cornachione et al. 2018) . In Section 4, we investigate the intrinsic properties of the rest-frame UV continuum emission of the reconstructed sources. Finally, we compare with other samples of LAEs in the literature and discuss our results in Section 5.
Throughout the paper, we assume H 0 = 67.3 km s −1 Mpc −1 , Ω M = 0.27, Ω Λ = 0.73 in a flat Universe.
DATA
The BELLS sample was observed with the HST using the WFC3-UVIS camera and the F606W filter (λ c = 5887 Å; ∆λ = 2182 Å) between 2015 November and 2016 May (GO: 14189; PI: Bolton). In total, twenty-one candidates from the Shu et al. (2016a) sample were observed for about 2600 s each. As the source redshifts are between z ∼ 2.1 and 2.8 and given the transmission curve of the F606W filter, these observations probe the rest-frame UV emission from young massive stars between 1250 and 2230 Å.
The data were retrieved from the HST archive and processed using the astrodrizzle task that is part of the drizzlepac package. Cut-out images for each target are shown in Fig. 1 . Out of the twenty-one candidates, three are revealed not to be strong gravitational lenses with multiple clear images of the same background galaxy: SDSS J0054+2944, SDSS J1116+0915 and SDSS J1516+4954. Moreover, SDSS J2245+0040 is also not included in our final sample due to the uncertain nature of the deflector, which has several prominent star-forming regions (the SDSS spectrum also shows [Oii] , Hβ, and [Oiii] emission lines). Without additional multi-band information, it is difficult to confidently distinguish structures belonging to the lens galaxy and the lensed images of the background source. Therefore, the sample used for our analysis contains seventeen gravitational lens systems (see also discussion by Shu et al. 2016b) . The details about the individual objects in our final sample and the HST data that we have used are summarised in Table 1 .
GRAVITATIONAL LENS MODELLING
Each gravitational lens system has been modelled independently with two different implementations of the Bayesian pixelated technique developed by Vegetti & Koopmans (2009) . In particular, the results presented in the following sections are based on a new version of this technique, which also fits for the light distribution from the foreground lensing galaxy. In this section we provide more details on the new features of this version, while we refer the reader to Vegetti & Koopmans (2009) and Vegetti et al. (2014) for a more detailed description of the original method, and Vegetti et al. (2010a Vegetti et al. ( ,b, 2012 for its application to high resolution optical and infrared imaging from the HST.
The Lens Model
We start by considering the observed surface brightness distribution d given by the combination of the lensed image d s of an unknown extended background source s and the surface brightness distribution of the lensing galaxy d l . Both d and s are vectors representing the surface brightness distribution on a set of pixels in the lens (i.e. observed) plane and the source plane, respectively. The grid on the lens plane is defined by the native CCD pixelation of the data, while the grid on the source plane is defined by a magnificationadapted Delaunay tessellation (see Vegetti & Koopmans 2009 , for Figure 1 . The HST WFC3-UVIS F606W imaging of each gravitational lens system. The surface brightness scale is in electrons s −1 . The lensing morphologies are quite varied, from nearly complete Einstein rings to very compact 2-image systems, with several examples of compound lenses (i.e. with multiple foreground galaxies causing the lensing, for example, SDSS J0918+4518). more details). This approach provides a pixelated surface brightness distribution for the reconstructed source that is free from any parametrised assumptions, such as Sérsic or Gaussian light profiles, that may not adequately account for the clumpy nature of the restframe UV emission from the lensed sources. We relate the relative positions of the pixels between the two planes via the lensing equation and the projected gravitational potential ψ(x, η) of the lensing galaxy. The unknown parameters η defines the latter. Taking advantage of the fact that gravitational lensing conserves surface brightness and taking into account the observational noise n (assumed to be Gaussian and uncorrelated among data pixels), d and s can be related to each other via a set of linear equations,
Here, B is the blurring operator that expresses the effect of the point spread function (PSF). Σ i I i is the surface brightness distribution of the foreground gravitational lens(es). The latter is simultaneously modelled with the lens(es) mass distribution and is parametrized as elliptical Sérsic profiles each of normalization I i , effective radius R e,i , Sérsic index n i and axis ratio q i , such that,
with a i = 1.9992 n i − 0.3271. We refer to the Sérsic parameters (excluding the linearly determined normalizations I i ) collectively as η l . The last column of the response operator given in equation (1) represents a constant pedestal of amplitude b, expressing any residual sky background. Finally, L is the lensing operator and is related via the lens equation to the lens mass distribution. Here, the latter is parametrised with an external shear and an elliptical power-law profile of dimensionless surface mass density κ, given by,
where κ 0 is the surface mass density normalisation, q is the axis ratio, γ is the radial slope and r c the core-radius. In addition, the position angle of the elliptical mass distribution (θ), the shear strength (Γ) and positional angle (Γ θ ) are also free parameters of the model. We refer to the mass density parameters collectively as η. The dimensionless surface mass density and the Einstein radius (R ein ) are related to each other via
Lens modelling procedure
Redefining equation (1) as
we derive the maximum a posteriori model parameters (MAP) with a Simulated-Annealing technique by minimizing the penalty function,
where H and λ are respectively the form and (unknown) level of regularization for the source surface-brightness distribution and are mainly a form of prior on the level of smoothness of the background galaxy (see Suyu et al. 2006; Vegetti & Koopmans 2009) . At each step of this optimisation scheme, the corresponding most probable source s, sky background level b and the normalisation of each Sérsic component I i are obtained by solving the linear system
The main advantage of our modelling approach is that it explicitly accounts for any potential covariance in modelling of the foreground lens and background source surface-brightness; this is otherwise ignored if a model for the foreground light is estimated (e.g., by masking the pixels with significant flux from the lensed background source) and subtracted before performing the lens modelling. This framework will provide a more robust determination of the surface brightness distribution of the background source, but it comes at the cost of significantly increasing the dimensionality of the non-linear parameter space, which is comprised of the foreground lens surface brightness and mass parameters, η l and η. To overcome this difficulty, the modelling procedure is performed in three steps. First we mask out the emission from the lens galaxy and, given the observed lensed surface brightness distribution d, we optimize for the lens mass parameters η = {κ 0 , θ, q, x, y, γ, Γ, Γ θ } and the source regularization level. Then, using this as a starting point, we parameterise the surface brightness distribution of the lens galaxy as a sum of multiple elliptical Sérsic profiles and optimise for the corresponding parameters, η l . In the third and final step, we optimise simultaneously for the mass and the light distribution of the deflector and the source regularisation level.
Each lens system is modelled several times, allowing for different forms of regularisation (i.e. gradient or curvature) and different source plane grids. In the next section, we report the models with the highest Bayesian evidence. To quantify the uncertainties and probe any degeneracies among the model parameters, we use MultiNest (Feroz et al. 2013) to explore the parameter space within the prior volume. The latter is defined by uniform prior distributions on all parameters except for the source regularisation constant, for which we adopt a uniform prior in logarithmic space.
Lens modelling results
We present the inferred lens models and reconstructed sources in Fig. 2 . The lens model parameters for each system are listed in Table 2 and the parameters for the Sérsic surface brightness distributions of the lensing galaxies are reported in Table 3 .
The same systems have also been modelled by Shu et al. (2016b) (referred to as S16 in the following) under the assumption of a singular isothermal ellipsoid (SIE) mass distribution plus external shear. While our models allow for a varying slope, we don't find a significant departure from γ = 2. In general, our lens mass parameters are in a reasonable agreement with those reported by S16, with differences at the 10 percent level at most, except for SDSS J0201+3228, SDSS J0755+3445 and SDSS J0918+5104. We discuss these discrepancies in more detail below. In three other cases, SDSS J0237−0641, SDSS J1226+5457 and SDSS J2342−0120, the lens position angles differ by more than 10 percent but, since all these systems are well fitted by a circular mass distribution with axis ratios close to unity, this is just an apparent discrepancy.
We also find an agreement at the 4 percent level on the lens light parameters, except for the effective radii. This discrepancy is possibly related to a degeneracy between the effective radius and the Sérsic index, for which S16 do not report any values. We find that for SDSS J0237−0641 and SDSS J1226+5457 the light position angles differ by more than 4 percent, a discrepancy which is again explained by the roundness of the light profile.
From a qualitative comparison of the reconstructed sources, we notice that S16 report generally smoother and less compact sources than our reconstructions. This difference could be related to different choices of regularisation form and level. However, due to the lack of detailed information about the source regularisation in S16, it is not possible to draw strong conclusions on the origin of such a discrepancy, with the choice of masking also potentially playing an important role. In particular, six of the reconstructed sources are qualitatively different from the ones reported in S16, and a more detailed discussion of these discrepancies is given in the following subsections. We note that our two independent lensing codes lead to reconstructed sources that are consistent with each other.
In general, our models provide a better match, expressed in terms of image residuals, to the data. This result is particularly important to avoid the false detection of mass substructures in the lens galaxies or sub-haloes along the line-of-sight. Nevertheless, in some cases, our source models do not fully recover the data for pixels with a surface brightness much higher than that of neighbouring pixels. We do not believe that this is due to poor quality lens mass models, but is related instead to the regularisation imposed on the reconstructed source. Due to the pixelated nature of our source reconstruction technique, a prior on the smoothness of the source has to be imposed via equation (6). In practice, this is done by minimising either the gradient or the curvature of the surface brightness between neighbouring pixels on the source plane. While this allows us to avoid noise fitting and by-pass the ill-defined character of equation (1), it also makes it extremely challenging to recover the brightness of the brightest pixels where an extremely high dynamic range characterises the lensed images.
From the parameter space exploration, we find mean values that are consistent with our MAP parameters up to at most the 20 per cent level (see Tables 4 and 5 ). This difference often corresponds to a several σ discrepancy, which is related to the fact that the quoted errors are purely statistical and do not include the systematic uncertainty. We have estimated the latter by comparing the results obtained with the two different Bayesian techniques used for the modelling procedure and the results by Shu et al. (2016b) , and found them to be at the 10 per cent level.
Apart from the usual degeneracies among some of the mass lens parameters (e.g. κ 0 and γ), we find no covariance between the lens light and mass parameters (e.g. see Fig. 4 for a typical case). This result is important as it implies that our mass models are robust against changes in the light model. This result is explicitly tested by re-modelling five systems after the lensing galaxy light has been fitted with a B-spline technique and subtracted from the data, inferring lens mass parameters consistent with our MAP parameters at the 10 percent level (see also Section 3.5). However, by comparing our results with those from S16, we find a certain level of degeneracy between the lens light parameters and the reconstructed sources in a way that also depends on the specific choice of masking and regularisation.
Specific cases
Here, we give comments on a few special systems and on those systems for which our results are significantly different from those obtained by S16.
SDSS J0029+2544
A particularly intense peak of surface brightness is visible in the images in the arc directly west from the lensing galaxy; this does not have a corresponding high-surface-brightness peak in the counter-image and is only partially recovered in our lens model. Multi-band observations would be required to identify its origin. While the image residuals and the mass parameters are in agreement with those reported by S16, our source has a different structure. In particular, our source is composed of one main component located on the cusp of the caustic and a second and fainter component lying on its left while in the source reconstructed by S16 the second component is much brighter. We believe the origin of this discrepancy to lie on the specific choice of masking and related regularisation effects. Finally, we infer light parameters that, except for the Sérsic effective radius (see discussion above), are in agreement with those reported by S16.
SDSS J0113+0250
This system is composed of three lenses, with the two secondary ones bending the arc respectively in the north and southeast direction. The third lens is located at a projected distance of approximately 2 arcsec from the main lens. For all three deflectors, the brightness profile is fitted using only one Sérsic component. The source has a particularly clumpy profile. Unlike S16, we find a significant improvement in terms of the Bayesian evidence and image residuals when the third lens is added to the mass distribution.
SDSS J0201+3228
Unlike S16, we infer a lens mass profile that is round, q = 0.9, rather than elliptical q = 0.7. For comparison, we have remodelled this dataset with an SIE profile of fixed axis ratio 0.7 and found that the rounder model is preferred by the Bayesian evidence, with a ∆ log E 900. It should be stressed that both of our independent models based on our two codes disfavour an elliptical mass profile. Moreover, neither the surface brightness profile of the lens nor the lensing configuration from Fig. 1 suggests that this is an unusually elliptical lens. It may be that the difference in ellipticity between the S16 model and ours is counteracted by a difference in the external shear strength. However, we do not know with certainty, since S16 do not report the shear value for this lens. Finally, the lens galaxy light of this system was fitted using a sum of two Sérsic profiles.
The image-plane residuals for SDSS J0201+3228 are probably the worst case within the sample, with 4 knots of positive and negative emission that have normalised residuals around 2.5σ along the extended arc to the south-west. We note that the residuals in S16 are significantly worse for both their Sérsic and grid-based source models. The strong residuals may be due to either the complex source structure requiring an adaptive regularisation to account Table 2 . The maximum a posteriori model parameters (MAP) for the gravitational lens mass models. The parameters of the mass density distribution reported are as follows: κ 0 is the normalization, θ is the position angle with respect to north, γ is the radial slope and q is the axis ratio. Γ and Γ θ are respectively the magnitude and the position angle of the external shear (with respect to north). Table 3 . The maximum a posteriori model parameters (MAP) for the Sérsic fits to the light of the lensing galaxies. For each system, we report for each lens and component (where multiple light profiles are fitted) the effective radius R e , the Sérsic index n, the position angle φ (with respect to north) and the axis ratio f . for both the smooth and compact structure (requiring a higher dynamic range) or a mismatch between the elliptical power-law model and the actual mass distribution of the deflector. In a companion paper, we investigate more complex lens models for this system using grid-based corrections to the lensing potential, but we find that these do not improve the image residuals significantly. Therefore, any inference of the source properties for this object is left for a future analysis when multi-band data are available. Table 4 . Mean values and relative errors for the lens mass models, derived using MultiNest. The uncertainties are purely statistical and do not include systematic errors. Note that for the two additional lenses in SDSS J0113+0250, the radial density slope was kept fixed at a value of γ = 2 (corresponding to a SIE) and therefore they are not reported here. 
SDSS J0237−0641, SDSS J0856+2010, SDSS J1141+2216
For these three systems, our reconstructed sources appear significantly different from those presented by S16, both regarding their position with respect to the caustic and their shape. The models for SDSS J0237−0641 are comparable in terms of residuals, while our models for SDSS J0856+2010 and SDSS J1141+2216 seem to fit the data better as they present less significant residuals. The mass and light models are consistent for the three systems, except for the effective radii of the Sérsic model. For the system SDSS J1141+2216, a direct comparison with the Sérsic fitting results by S16 is not possible as we have parametrised the lens light distribution with two components rather than one. We believe the discrepancy among the sources to be related to the proximity of the lensing galaxies to the lensed emission, especially in SDSS J0237−0641. This configuration makes it harder to distin-guish between lensed and lens emission, and effectively introduces a degeneracy between the light model of the foreground lens and the surface brightness of the reconstructed source, which depends on the specific choice of masking. It should also be noted that these are all doubly-imaged systems; therefore the data provides us with relatively limited information to constrain the mass and the source model.
SDSS J0755+3445
The modelling of this quadruple image system was possible only through allowing for a strong external shear. In fact, this can already be inferred by noting that the image separation between the central part of the arc and the counter-image is significantly larger than the aperture of the arc, denoting the presence of an external element that perturbs the lensing configuration. Another component of the source is lensed in the two opposite and faint images located along the southwest-northeast diagonal. The galaxy to the southwest direction was found not to have any influence on the lens mass model and was therefore ignored in the modelling procedure. The LAE source of this system was also reconstructed via the gravitational imaging technique (see VK09). We refer to our follow-up paper for a more detailed description of this procedure. We find that the diffused low-level pixellated convergence corrections which are added to the single power-law model result in a more compact source with a less pronounced tail as shown in Figure 3 . We therefore conclude that a single power-law model is not representative of the mass distribution of the deflector and any inference of the source properties is left for a future analysis when multi-band data are available.
SDSS J0918+4518
Both the light and mass models of the lens are in disagreement with those reported by S16. The structure of the source is also significantly different, as expected from the divergent lens models. In particular, according to our model, both deflectors have approximately equal lensing strength and are both almost round with an axis ratio of q 0.9. Instead, one of the lenses in the model by S16 is strongly elliptical, with an axis ratio of q = 0.132, and has a different lensing strength. When using the lens parameters by S16 to model this system, we find that our model is preferred with a difference in Bayesian evidence of ∆ log E 200. Moreover, our residuals are less prominent, and our results are consistent between our two independent lens modelling codes.
SDSS J0918+5104
We find that a large external shear had to be allowed to account for the general lensing configuration of this system and the displacement of the counter-image towards the southwest direction. We find that the foreground object to the west of the primary lens is not contributing significantly to the lensing signal, and we did not include its contribution into the final mass model. However, we had to take into account for its brightness distribution which was modelled with two Sérsic profiles, while only one component was necessary to account for the lens galaxy emission. Our mass model requires a stronger ellipticity and a stronger external shear in comparison with the one presented by S16. We remodelled this dataset with an SIE profile of fixed axis ratio q = 0.985 and fixed shear strength Γ = 0.18, as determined by S16, and found that our model is preferred by the Bayesian evidence, with a ∆ log E 300. Finally, we remark that our reconstructed source appears more compact and closer to the caustic. This result is probably due to the difference between the two mass models.
SDSS J1110+2808
The image residuals and the appearance of the source are consistent with the results presented by S16, and the lens models are in agreement at the 3 percent level. However, unlike S16, we find that the lens light profile is better fitted with two rather than one Sérsic component.
SDSS J1529+4015
This system is composed of two sources at two different redshifts, as can be seen from the different image separation of the two sets of arcs in Fig. 1 . The first source corresponds to the two bright images on the opposite sides of the lens galaxy, and the other source is lensed into the faint arc on the right with the counter-image located below the bright image on the left. Since the second set of images is too faint to be used to reconstruct the lens model it is masked out of the data.
B-spline subtracted data
We find that for five systems, namely SDSS J0113+0250, SDSS J0918+4518, SDSS J1110+2808, SDSS J1141+2216 and SDSS J2342−0120, a simple Sérsic profile (with one or more components) does not provide a good fit to the complex light structure of the lens galaxy. However, as we are mainly interested in the lens mass parameters and the background source properties, we test their robustness by modelling a version of the data where the lens galaxy light has been previously fitted and subtracted using a B-spline method. In agreement with the results from MultiNest, we find no covariance between the mass and light parameters, and we recover lens mass parameters that are in agreement with those derived from the simultaneous fit of the lens mass and light. Moreover, since for these systems the Sérsic profiles provide a bad fit only to the central regions of the lens galaxy light, we find that also the reconstructed sources are consistent among the two different modelling approaches.
Testing for systematics in the source structure
Finally, we have quantified how the imposed regularisation can affect the compactness and morphology of the reconstructed source and our results. For this, we have performed a series of simulations by creating mock Gaussian sources of different sizes and lensing them through the best-fitting lens model for SDSS J0029+2544. These are then convolved with the HST PSF to create synthetic datasets, and reconstructed using the modelling procedure described in Section 3.1. We then compare the size of the original Gaussian source with the reconstructed source that includes the effects of the regularisation. In all cases, we find that we robustly recover the properties of sources as small as 30 mas. Table 2 . Each row shows (left) the input HST F606W imaging, (middle-left) the reconstructed model for lens-plane surface brightness distribution of the gravitational lensing galaxy and the gravitationally lensed LAE galaxy, (middleright) the normalized image residuals in units of σ, and (right) the reconstructed surface brightness distribution of the LAE galaxy. Shown in grey are the gravitational lens mass model critical curves in the lens-plane and the caustics in the source-plane.
INTRINSIC PROPERTIES OF LAEs
In this section, we present the inferred properties of the reconstructed LAE galaxies, including their morphologies, sizes, and SFR intensities.
Determining the intrinsic properties
An essential application of gravitational lensing is to study the high-redshift Universe in a way that is not easily possible without the magnification provided by the foreground lensing galaxy. Potentially, this could be problematic, especially for extended objects, However, as our methodology already corrects for the distortion caused by the intervening gravitational lens (and the blurring caused by the PSF), our reconstructed sources are not affected by differential magnification. We note that due to the differing magnification over the source, there is an effective differential sensitivity and resolution across each object, although this is not an issue for our purposes. In fact we are interested in the global properties of these sources, rather than to their detailed structure. Therefore, we measure the intrinsic properties of the LAEs in the sample directly from their reconstructed UV surface brightness distributions.
To determine the star-forming properties of the sample, we use the standard methodology by assuming the rest-frame flux (F λ ) varies with some power-law, such that,
where β depends on the dust content of the galaxy and the age, metallicity and the initial mass function of the stellar population. As we have only one measurement of F λ from the F606W imaging, it is not possible to calculate β for each object. Therefore, here we assume a typical value of β = −1.5 for LAEs at redshifts between 2 and 3 (Nilsson et al. 2009; Guaita et al. 2010) . Note that as the central (rest-frame) wavelength of the data is close to the UVreference wavelength of λ UV = 1600 Å (see Table 1 ), assuming a typical range of values of 0 to −2.5 for β (e.g. Nilsson et al. 2009; Blanc et al. 2011; Hashimoto et al. 2017 ) changes our derived values by at most 30 percent in the case of the integrated SFR of each object. If β is not constant across the source, due to either a complex dust distribution or if there are multiple stellar populations (the former is the more likely for these sources; Leitherer & Heckman 1995; Bouwens et al. 2009 ), then the uncertainties in the SFR intensity maps from this assumption may be more pronounced. As we will compare with other samples similarly observed (at lower intrinsic angular resolutions), this will not significantly affect our analysis either.
We compute the SFR of each LAE using,
where L ν is expressed in units of erg s
is the FUV conversion factor (for the units given in equation 9) between the spectral luminosity and ongoing SFR, adopted from Madau & Dickinson (2014) . Our maps of the SFR intensity (M yr −1 kpc −2 ) of each object are shown in Fig. 5 . The reconstructed sources have a wide range of structures and morphologies, which we discuss in detail below. We note that Shu et al. (2016b) have quantified the lens model parameters and the properties of their sources by fitting elliptical Sérsic profiles to the reconstructed background galaxy surface brightness. They use pixellisation only for the multiple component sources in order to guess the number of Sérsic components needed to describe the source surface brightness. However, we have found that in general the sources have quite an irregular surface brightness distribution and we, therefore, choose to characterise all the sources in the sample in a less model-dependent manner always using the pixellated reconstructions.
Our modelling procedure described in Section 3 constrains the surface brightness at points on an irregular grid defined by the mapping of the positions of the observed pixels back to the unlensed source plane (see Vegetti & Koopmans 2009, for example) . We quantify the structure of each source by finding the minimum best-fitting ellipse that encloses the points within this grid that have a signal-to-noise ratio larger than 3, and we report the mean majoraxis size and ellipticity of each ellipse in Table 6 . In addition we use the aperture defined by the ellipse to measure the integrated SFR of each object (note that as SDSS J1226+5457 is composed of two well-separated objects, we report separate values for each of these components). The mean SFR intensities are determined by dividing these by the area of each elliptical region. We also report the peak SFR intensity, which is robustly determined because gravitational lensing conserves the surface brightness and the multiple images allow for the effects of the PSF to be mitigated. Finally, we take one hundred random MCMC realisations of the lens mass model for each object and reconstruct the source in each case to quantify the errors on the morphological and physical properties of the source. We note that in some cases the zero uncertainties reported in Table 6 are due to insignificant changes from one MCMC realisation to the other. These properties are also presented in Table 6 , except for two cases, SDSS J0201+3228 and SDSS J0755+3445. The residuals in the image plane and the extremely clumpy structure of the source of SDSS J0201+3228 suggest that multi-band data are needed to properly constrain the mass model and the source properties, as already discussed in Section 3.4. In the case of SDSS J0755+3445, we could not perform a MCMC to draw realisations and compute the errors for the reconstructed source since the lens model required pixellated potential corrections to obtain a good fit.
Source morphologies
From Fig. 5 , it is clear that the reconstructions of the LAEs have a range of morphological features, with multiple regions that have both compact and diffuse star-formation spread over 0.4 to 4 kpc in projected separation. Except for the double component source SDSS J1226+5457, there tends to be a single dominant starforming clump in each case. From Table 6 and Fig. 6 , we see that the major-axis sizes vary from 220 pc in the most compact sources (including low magnification doubly imaged systems where this is likely an upper limit; SDSS J0237−0641 and SDSS J0856+2010) to around 1.5 to 1.8 kpc in the cases of the most extended structures (SDSS J0113+0250, SDSS J1110+3649 and SDSS J1201+4743). Note that in the most compact sources (major-axis < 330 pc), the intrinsic size is below the native pixel size of the UVIS camera on WFC3. This result highlights how gravitational lensing can be used to magnify structures in the high-redshift Universe; in fact, 10 out of 16 sources have major-axis sizes < 660 pc (equivalent to 2 native pixel sizes), and the median major-axis size of the sample is 561
Also, almost all of the resolved sources have elongated structures that could be potentially interpreted as disks of star-formation. Again from Fig. 5 , there is evidence that the multiple clumps of star-formation tend to be co-linear, as we would expect if there is a disk-like structure (Swinbank et al. 2009 ). However, some kinematic tracer, such as emission lines in the optical-and mm-regime, will be needed to confirm this. We find that the axial-ratios of the ellipses that are fitted to the surface brightness distributions have a range from 0.18 in the most elongated case of SDSS J0113+0250, to 0.91 for the almost circular case of SDSS J0918+4518. From  Fig. 6 , we find that the distribution in axial ratio is quite flat, with a median of 0.51
Star-formation rates and intensities
The derived SFRs from the UV-continuum for the LAEs in the sample vary by one order of magnitude, which gives some indication of the heterogeneous nature of the host galaxy properties. We recall that the objects in our sample were not selected based on their UV-continuum flux, but via the gravitational lensing of their Lyman-α emission, which may be affected by a varying Lyman-α escape fraction, slit-losses due to the finite size of the SDSS fibre and differential magnification. The lowest SFR in the sample is just 0.32 M yr −1 for SDSS J0237−0641 and the largest SFR is 8.5 M yr −1 for SDSS J1529+4015 (see Table 6 ). From Fig. 6 , we find that the distribution of SFRs is clustered towards the lower end, with 10 out of 16 sources having a SFR less than just 2 M yr −1 . The median SFR for the whole sample is 1.37 +0.06 −0.07 M yr −1 , which is comparable to the SFR of our own Milky Way.
Even though the galaxies are quite compact (median size of 561 +13 −110 pc; see above), their low SFRs still result in a relatively low average SFR intensity across each galaxy. We find that the average SFR intensities vary from 0.4 to 17.6 M yr −1 kpc −2 , with a median of 3.51 φ Figure 4 . The posterior probability distribution for the mass and light parameters of the lens galaxy in SDSS J1110+3649. The contours for the 68% and 95% confidence level are shown. Apart from the usual degeneracies among the lens mass parameters, no degeneracy is found between the mass and light models.
above, the morphology of the galaxies are typically characterised by a dominant star-forming component. The peak SFR intensity of the sample varies from 2.1 to 54.1 M yr −1 kpc −2 (see Table 6 ). However, from Fig. 6 we find that the distribution has a peak around 6 M yr −1 kpc −2 with an extended flat tail out to high peak SFR intensities. There does not seem to be a strong correlation between whether the LAE galaxy is compact or extended (based on the size of the major axis), and the peak in the SFR intensity. Overall, the sample has a median peak SFR intensity of 10.1
DISCUSSION
In this section, we discuss our results and compare the properties of the gravitationally lensed sample of LAEs investigated here with the large samples of non-lensed objects that have been studied thus far with different methods (e.g. narrowband imaging and spectroscopy). We also compare with the small number of lensed LAEs that have been studied. 
Morphology
Current morphological studies of hundreds of non-lensed LAEs at moderate to high redshifts (z ∼ 2 to 6) have been mainly limited by the angular resolution of the available imaging for both the line and continuum emitting regions, which could potentially bias the interpretation of data. For example, the UV-continuum morphologies have typically been classified as either single, marginally resolved components, or those with evidence for multiple components that are well separated on the sky. For those marginally resolved cases, studies have found that the de-convolved half-light radii of the single component LAEs are typically between 0.45 and 2 kpc in size, with a median half-light radius of 0.85 kpc (Hagen et al. 2016; Kobayashi et al. 2016; Paulino-Afonso et al. 2018 ). In addition, there is strong evidence for a lack of evolution in the size of LAEs with redshift, suggesting that there is a characteristic scale for the stellar continuum emission within LAEs (Malhotra et al. 2012; Blanc et al. 2011) . However, as the lower size limit approaches the pixel-scale of the imaging instruments on the HST, it is not clear how robust this conclusion is. Also, there are examples of LAEs with multiple individual UV-continuum components (with a similar size to those discussed above), but separated up to 4 kpc in projection (Swinbank et al. 2009; Kobayashi et al. 2016) . In these cases, it is thought that the separate components are in the pro- Table 6 . The derived AB F606W magnitude, major-axis size, flatness, star formation rate, mean star-formation-rate intensity, and peak star-formation-rate intensity for each LAE. Note that the SFR properties assume a continuum slope of β = −1.5. We expect the SFR to change by at most 30 percent for a typical range of β. The zero uncertainties are due to insignificant changes from one MCMC realisation to the other. −0.01 formation in the spatially distinct regions. However, these types of LAEs are somewhat rare, with an estimated merger fraction of just 10 to 30 percent, and so direct mergers are not thought to be the dominant mechanism for triggering star-formation in these galaxies (Shibuya et al. 2014) . From our reconstructed surface brightness distributions, we find that in more than half of the cases, the UVcontinuum emission is made up of multiple compact components. Therefore, even if there is a well defined size for the H ii regions within LAEs, there are multiple sites of star-formation that would appear to be a single marginally resolved component if these were non-lensed cases. Unfortunately, as we do not have resolved kinematic information, it is not possible to determine if these connected multiple components are part of a merging system or not (although, as we argue below, we believe that except for a few cases, they are part of disk systems, as opposed to kinematically independent components). However, we do find that one to two sources out of sixteen in our sample also show evidence of compact components that appear unconnected and are separated by up to 4 kpc, which is consistent with the observed merger rate of non-lensed LAEs.
The gravitational lensing magnification provides higher intrinsic resolution for our reconstructed sources, and we find that the sample has a median size of 561 +13 −110 pc, which is comparable to the lower limit on the size of the non-lensed samples of LAEs studied so far. However, we find that six sources in our sample have sizes below 0.5 kpc. The results from our analysis of the size scale of the UV-continuum are also consistent with the findings from studies of other lensed LAEs at high redshift, albeit with much smaller sample sizes. For example, Leclercq et al. (2017) , expanding the sample analysed by Wisotzki et al. (2016) , have found the minumim and maximum exponential scale-length of the UV continuum to be 0.11 kpc and 1.58 kpc respectively, in agreement with what previously found by Wisotzki et al. (2016) for the smaller sample. Patrício et al. (2016) carried out an analysis of a lensed starforming galaxy at z = 3.5 and estimated a size of 0.34 kpc for the UV-continuum. Unfortunately, we cannot directly compare our results with theirs as we have used a different definition of size. This suggests that previous studies of non-lensed LAEs may have been biased by the angular resolution of the data and therefore it is not clear whether there really is limited size evolution with redshift for the UV-continuum emission of LAEs.
The size and structure of the UV-continuum is also thought to be related to the observed Lyman-α emission in these galaxies. Overall, there is evidence that the Lyman-α is more extended than the UV-continuum by factors of a few, and there is evidence for Lyman-α haloes that are both offset from the UV-continuum and extended by a few to 10 kpc (Momose et al. 2014 ). For example, Leclercq et al. (2017) found that Lyman-α haloes have sizes from 4 to 20 times bigger than the UV continuum scale-length, with a median size ratio of 10.8, in agreement with Wisotzki et al. (2016) . The implications for this are that either the surface brightness of any extended UV-continuum is too low to be detected, relative to the Lyα, or that the compact star-forming regions traced by the UVcontinuum are ionising the surrounding gas up to several kpc away. Detecting any low surface brightness continuum emission would also determine whether there is diffuse ongoing star-formation over a larger extent than thought, as opposed to there being a few compact regions of intense star-formation that may or not be related to the Lyman-α sources; the latter would again suggest that the star-forming galaxy and the LAE are independent systems that are interacting. Again, our reconstructed surface brightness distributions show compact and diffuse (and lower surface brightness) UVemission, which would favour the interpretation that we are observing extended star-forming galaxies with multiple compact H ii regions that are ionising the surrounding gas and therefore Lyman Continuum Leakers. This result is in agreement with what found by Wisotzki et al. (2016) , Hashimoto et al. (2017) and Leclercq et al. (2017) . Resolved imaging of the Lyman-α emission will be needed to confirm this conclusion.
Also, it has been suggested that the Lyman-α equivalent width (EW) is connected to the morphology and size of the UVcontinuum, with more optically compact LAEs having a much larger EW (Law et al. 2012) . This has been interpreted as evidence for the galaxy morphology having an impact on whether Lyman-α is produced and whether it is able to escape from the host galaxy inter-galactic medium. However, it has also been reported Table 6 ).
that there is no correlation between the half-light radius and the EW (Wisotzki et al. 2016; Hashimoto et al. 2017; Leclercq et al. 2017) , which may be due to the LAEs having a diverse set of host galaxy properties (Bond et al. 2012) , or from the observational biases associated with narrowband observations of the EW from such compact sources (Oyarzún et al. 2017 ). There is also evidence for an anti-correlation between the ellipticity of the UV-continuum and the EW (Shibuya et al. 2014) , and a correlation between the ellipticity and size of the UV-continuum and the detection of Lyman-α (Kobayashi et al. 2016; Hagen et al. 2016) .
The implication of such observations is that the Lyman-α escape fraction is not a function of the ellipticity, and hence, the inclination angle of the star-forming disk, contrary to radiative transfer models in hydrodynamical galaxy formation simulations that predict an anisotropic escape path for the Lyman-α (Verhamme et al. 2012 ). Such models require the line-of-sight through the star-forming disk to be optically thick, with the Lyman-α emission being preferentially seen perpendicular to the star-forming disk (i.e. face-on objects that are characterised with a low ellipticity). Instead, the current observational data for non-lensed samples of LAEs favour a clumpy model for the star-forming regions, where the sight-lines for Lyman-α to escape are distributed randomly within a galaxy (Gronke & Dijkstra 2014) . Therefore the importance of ellipticity for the Lyman-α escape fraction is still unclear and debated, with the data suggesting the absence of any correlation among the two.
The morphology of our reconstructed LAEs support the results found at lower angular resolution for the non-lensed samples. There is a clear positive correlation between the size and the ellipticity of the UV-continuum emission (see Fig. 7 ), at least for > 0.2. In addition, the sources are also found to be highly elliptical, with more than half of the sample having axis-ratios less than 0.6, which is consistent with disk-like morphologies. Therefore, our data are consistent with the expectations from the clumpy model for the Lyman-α escape sight-lines. Unfortunately, there is no available imaging for the full Lyman-α emission for this sample. Therefore, we cannot currently measure the total Lyman−α fluxes and EWs, without making assumptions on the spectral slope and the total extension of the Lyman-α relative to the continuum.
Star formation rate
Many efforts have been made to estimate the SFR intensities of LAEs at different redshifts, as this is needed to understand their role in the build up of galaxies over cosmic time. Several samples consisting of hundreds of LAEs at z ∼2 to 4 have been analysed via stacking methods, finding a range of SFR of 1.5 up to 11 M yr −1 based on the luminosity of the UV-continuum of various samples (Blanc et al. 2011; Nakajima et al. 2012; Alavi et al. 2014; Kusakabe et al. 2015) . The largest uncertainty in these analyses is determining the dust extinction, which requires multiple broad band filters to measure the reddening and is also sensitive to the assumptions about the extinction law for these galaxies, although the effect of dust is expected to decrease substantially for z > 2 (Smith et al. 2018) . However, it is expected that the reddening is between E(B − V) = 0 to 0.5 (Blanc et al. 2011; Matthee et al. 2016) , with a typical attenuation of about 3 for β = −1.5 and assuming a Calzetti et al. (2000) extinction law. For consistency, we compare our results to the non-dust corrected SFRs of these samples of non-lensed LAEs, but they are likely around 3 times higher than stated here when the dust attenuation is taken into account.
Overall, we find that the median SFR of the galaxies in the lensed sample of LAEs studied here is lower, but certainly comparable, to those obtained from the stacking techniques, with a median SFR of 1.4 M yr −1 . Such stacking methods can be biased by outliers, however, we find that from the direct measurement of the SFR of individual lensed galaxies that the median SFR is similar and therefore, the stacking methods are likely tracing the general properties of LAEs.
SUMMARY
We have analysed the first statistically significant sample of LAEs at z ∼ 2.5 that are gravitationally lensed by massive foreground galaxies at z ∼ 0.5. By studying LAEs that are intrinsically extended, the gravitational lensing signature typically consists of extended arcs and Einstein rings, which give a large number of constraints to the lensing mass model and allow the effect of the PSF to be de-convolved and the intrinsic source structures to be obtained.
We have modelled the gravitational potential of all of the systems in the sample using a power-law mass distribution and an external shear, with additional small-scale corrections to the potential where required, and simultaneously inferred the surface brightness distribution for the lensing galaxies. This modelling is more sophisticated than has been carried out so far and provides the most robust inferences of the reconstructed sources. We have found that most of the deflectors are well described by a power-law mass-density profile, which is close to being isothermal with < γ >= 2.00 ± 0.01. Except for a few cases where significant residuals are present in correspondence of the lensing galaxy, the light distribution is well represented by one or two Sérsic components. All of our models, except for a few peaks in the brightness of the lensed images, have residuals which are at the noise level. Most of our lens-mass models agree with those reported by S16, but often present a lower level of image residuals, which in part is likely due to the way the source is solved for with our technique, but is also due to subtle differences in the lens macro-model.
We have studied the intrinsic properties of the UV-continuum of the reconstructed LAEs at z ∼ 2.5, finding that they have a median integrated SFR of 1.4
+0.06
−0.07 M yr −1 and a peak SFR intensity between 2.1 to 54.1 M yr −1 kpc −2 . These galaxies are quite compact with a range of radii from 0.2 to 1.8 kpc and a median size of 561 +13 −110 pc (semi-major axis), and complex morphologies with several compact and diffuse components separated by 0.4 to 4 kpc (see also Cornachione et al. 2018) . Our lower limit to the intrinsic size is about a factor of two smaller than that found for non-lensed LAEs, which highlights the power of gravitational lensing and sophisticated lens modelling techniques for resolving such objects in the high redshift Universe. Most importantly, we find that the LAEs are quite elliptical, with a median axial-ratio of 0.51 ± 0.01. This morphology is consistent with disk-like structures of star-formation for 76 percent of the sample, which would rule out models where the Lyman-α emission is only seen perpendicular to the disk, and favours those clumpy models for the escape lines-of-sight for Lyα. This is in agreement with the results for non-lensed LAEs studied at similar redshifts, but is more robust given the improved angular resolution of the our analysis. We also find that 14 percent of the sample have off-axis components that may be associated with mergers, which is again consistent with the analysis of non-lensed LAEs. Overall, the morphologies of the LAEs in our sample agree quite well with the results in the literature, where the effective angular resolution is less and stacking techniques are needed.
Resolved kinematical information will be needed to confirm the disk-like nature and possible merger scenario for the LAEs in the sample, and to study the distribution of the ionised gas with respect to the UV-continuum sources. Such observations will also allow a robust resolved study of the Lyman-α escape fraction for these objects, as the current low resolution data from SDSS are limited by slit-losses. Also, as the UV-continuum and the Lyman-α are expected to be offset, it is not possible to use the magnifications derived here to probe the intrinsic luminosity of the Lyman-α emission. Generally, our analysis further demonstrates gravitational lensing as a powerful tool to analyse and resolve the detailed structure of high-redshift galaxies, allowing the study of their physical and morphological properties at a resolution otherwise only achievable with nearby targets.
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